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[57] ABSTRACT 
A process for the production of a two-phase charge 
shift arrangement for a charge coupled device with a 
doping barrier which includes forming an electrically 
insulating layer on a semiconductor substrate, forming 
a metal layer on said insulating layer, covering said 
metal layer with a photo-resist layer, selectively etch 
ing said photo-resist layer and through said metal layer 
to provide a row of electrodes, the etching operation 
including under-etching the photo-resist layer at each 
gap to provide a wider gap in the electrode than in the 
photo-resist, the ratio of the width of the gap in the 
photo-resist to the total gap height being approxi 
mately 1:], and then irradiating the gaps with an ion 
beam directed at an oblique angle to the surface of the 
substrate to cause ions to be implanted in the sub 
strate below one edge region of each electrode and in 
the substrate below a portion of the bottom of the gap 
adjacent said one side edge of each said electrode. 

5 Claims, 3 Drawing Figures 
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PROCESS FOR THE PRODUCTION OF A 
TWO-PHASE CHARGE SHIFT ARRANGEMENT 

FOR CHARGE COUPLED ‘DEVICES 

FIELD OF THE INVENTION 

The invention relates to a process for the production 
of a two~phase charge shift arrangement in accordance 
with the charge-coupled device principle, with a doping 
barrier, wherein an electrically insulating layer is ap 
plied to a substrate of semiconductor material, and 
wherein individual electrodes separated from one an 
other by gaps are applied to this layer with the aid of 
photolithographic process steps, and wherein ion im 
plantation is used to introduce charge carriers funda 
mentally in the edge regions under the electrodes, at an 
oblique direction to the substrate surface. 
Two-phase charge shift arrangements of this type are 

known. For example, the German Patent Application 
laid open for public inspection, OS No. 2,201,395, de~ 
scribes an arrangement in which, by means of an 
oblique ion implantation, an additional doping of the 
substrate is produced under one edge of each elec 
trode. For this purpose, however, it is necessary, in 
order to implant only a few ions in the region between 
the electrodes, that the ratio of the gap height to the 
gap width of the gaps between the individual electrodes 
should be approximately l:l. However, this ratio is dif 
ficult to achieve with conventional etching techniques. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a process for 
the production of two-phase charge shift arrangements 
by which these difficulties are avoided. 
This object is attained by a process which is charac 

terized in accordance with the invention by the fact 
that for the production of the implanted zones, prior to 
the production of the individual electrodes, a photo 
resist layer is applied to the layer from which the elec 
trodes are produced. This photo-resist layer is not re 
moved following the production of the individual elec 
trodes, and the ions are implanted in an oblique direc— 
tion through the gaps between the individual electrodes 
and through the openings formed by the photo-resist 
layer. 
A fundamental advantage of the process of the inven 

tion lies in the fact that gaps having a ratio of height to 
width of approximately 1:] may be produced relatively 
easily in photo-resist layers. 
The etching mask which is also employed as mask for 

the implantation is already adjusted with respect to the 
gaps between the electrodes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically illustrates a charge shift ar 
rangement in the two-phase technique with obliquely 
implanted doping. 
FIG. 2 shows the charge shift arrangement prior to 

the etching of the gaps. 
FIG. 3 schematically illustrates a cross-section 

through a gap of a charge shift arrangement in the two 
phase technique in which, in accordance with the in 
vention, in the ion implantation, a photo-resist layer is 
arranged on the electrodes. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 illustrates a charge shift arrangement in the 
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two-phase technique, in which the electrically insulat 
ing layer 2 is applied on the substrate 1 which substrate 
preferably consists of silicon. Preferably the layer 2 is 
formed of silicon dioxide. Individual electrodes 3 to 6 
are arranged on the layer 2. These electrodes, which 
are separated from one another by the gaps 31 to 51 
preferably consist of aluminum. All of the odd 
numbered electrodes, i.e, the electrodes 3 and 5 in FIG. 
1, for example, are connected in parallel to a terminal 
8, and the even-numbered electrodes, i.e., the elec 
trodes 4 and 6 in FIG. 1, are'connected to a terminal 
9. The doped zones which are produced by means of 
oblique ion implantation are identi?ed as 32 and 42. 
The broken line 7 refers to the potential course pro 
duced on the semiconductor surface during the charge 
shift process. 
FIGS. 2 and 3 show individual steps of the process of 

the invention for the production of two-phase charge 
shift arrangements. Details of FIGS. '2' and 3 which have 
already been described in association with FIG. I bear 
corresponding reference numerals. In FIG. 2, on the 
electrically insulating layer 2 there is arranged a metal 
layer 10 from which, in later process steps, the individ 
ual electrodes of the charge shift arrangement are pro 
duced. Preferably, this layer 10 consists of aluminum. 
A photo-resist layer 13 is applied to the layer 10. Pref 
erably, this photo-resist layer is applied in the form of 
a lacquer or foil. With the aid of this photo-resist layer 
13 and with photolithographic process steps, the indi 
vidual electrodes and the gaps between the electrodes 
are produced in the layer 10. For this purpose ?rst 
openings are produced in the photo-resist layer 13. In 
further process steps, as illustrated in FIG. 3, the open 
ings 102 are etched into the layer 10 beneath the open 
ings in the photo-resist layer 13. Here the photo-resist 
layer 13 serves as an etching mask. On account of un 
der-etching, the opening 102 in the layer 10 is larger 
than the opening above it in the photo-resist layer 13. 

Preferably, the width, shown by the reference 15, of 
the opening in the photo-resist layer 13 amounts to ap 
proximately 3p.m. The thickness of this layer refer 
enced 16 is approximately 2 am, and the thickness of 
the underlying metal electrodes 101 and 102 is approx 
imately 1 pm. 
These dimensions can also be reduced by about the 

factor 2. 
In accordance with the invention, as a result of the 

fact that the photo-resist layer 13 is left upon the elec 
trodes 101 and 103, the ratio of the height to the width 
of the opening governed by the opening in the photo 
resist layer 13 (arrow 15) is approximately 1:1. 
The zone 14 is implanted with ions by an oblique ion 

implantation through the opening, referenced 15, in 
the photo-resist layer 13 and the underlying opening 
102. In FIG. 3, the ion beam, directed obliquely to the 
substrate surface, is referenced 18. Following the ion 
implantation, following the production of the zone 14, 
the photo-resist layer 13 is removed. When this photo 
resist layer has been dissolved, in order to improve the 
potential course, in addition, a known perpendicular 
ion implantation may be carried out through the gap. 
A perpendicular ion implantation of this kind advanta 
geously does not require any additional masking steps. 

It will be apparent to those skilled in the art that 
many modi?cations and variations may be effected 
without departing from the spirit and scope of the novel 
concepts of the present invention. 
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I claim as my invention: 
1. A process for the production of a two-phase 

charge shift arrangement for a charge coupled device 
which includes: 
forming an electrically insulating layer on a semicon 
ductor substrate, 

forming a metal layer on said insulating layer, 
covering said metal layer with a photo-resist layer, 
selectively etching said photo-resist layer and said 
metal layer to form a row of gaps which extend 
completely through said photo-resist layer and said 
metal layer to provide a row of electrodes, the 
etching step including under-etching said photo 
resist layer in each of said gaps to provide a wider 
gap in said metal layer than in said photo-resist 
layer, the ratio of the width of said gap in said 
photo-resist layer to the total height of said gap 
through both said photo-resist layer and said metal 
layer being approximately 1:1, 
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4 
and then irradiating said gaps with an ion beam di 

rected at an angle to the surface of said substrate 
to cause ions to be implanted in said substrate 
below one edge region of each of said electrodes 
and in said substrate below a portion of the bottom 
of said gaps adajcent said one side of each said 
electrode. 

2. A process as set forth in claim 1, in which the gap ' 
width in said photo-resist layer is 2-4 1.1.. the thickness 
of said photo-resist layer is 1-3 a, and the thickness of 
said electrodes is 0.5 - L5 41.. 

3. A process as set forth in claim 2, in which said sub 
strate is silicon. 

4. A process as set forth in claim 3, in which said in 
sulating layer is SiO,. 

5. A process as set forth in claim 4, in which said 
metal layer is aluminum. 
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